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© Method and system of communication for a non-contact IC card. 



© Disclosed is a data communication system com- 
prising an external unit, such as a card-reader writer 
(1). with the ability of reading and writing data for a, 
recording medium, and .the-recording medium, sucrT 
as an IC card (2) which transacts-signals with-the 
external unit by being coupled electromagneticallyjn 
non-contact fashion jwith the external unit "and sup- 
plied power from the external unit. The extern al~unit 
comprises a first data processor (6), a first elec- 
tromagnetic transducing coil (14) for the electromag- 
netic coupling with the medium, a carrier wave gen- 
erator (5) connected to the first coil for generating a 
carrier for transmitting a signal to the recording 
medium, and a received signal discriminator (7). The 
recording medium comprises a second data proces- 
sor (11), a second electromagnetic transducing coil 
^(15) for the electromagnetic coupling with the exter- 
^nal unit, a switching circuit (10) connected to the 
^.second coil for varying the load impedance of the 
O second coil in response to a signal to be sent to the 
W first coil, and a received signal detecting circuit (9). 
QjThe data signal from the recording medium is de- 
O modulated for the carrier frequency from the external 
W un jt in response to the data signal, and transmitted 
O to tne external unit. The recording medium includes 
^circuits (18. 20) which detect a variation in the power 
Uj voltage supplied through the electromagnetic cou- 
pling and feed it back electromagnetically to the 
external unit. 
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METHOD AND SYSTEM OF COMMUNICATION FOR A NON-CONTACT IC CARD 



BACKGROUND OF THE INVENTION 

This invention relates to a non-contact, 
magnetically-coupled communication technique. 5 
ana particularly to an improved method and system 
of communication for a non-contact IC card. 

Communication of data between a non-contact 
IC card and a data reader writer (or a host system), 
such as a host computer or an IC card w 
reader writer (will be termed simply "reader writer** 
hereinafter), takes place through the provision of a 
transmission circuit and a reception circuit on both 
sides of the data reader writer and the IC card. 

In case of communication by non-contact, efec- ;s 
tromagnetic coupling (or electromagnetic coupling) 
between the IC card and the reader writer, the 
transmission circuits on both sides need to have a 
carrier generating circuit for producing a signal 
transmission carrier wave, and the circuit is consid- 20 
erably complex. Therefore, it is difficult to make the 
circuit more compact and make the card thinner. 



SUMMARY OF THE INVENTION 25 

An object of this invention is tc provide a data 
communication system which links a data 
reader writer to a recording medium such as an IC 
card on the basis of non-contact, electromagnetic 30 
coupling, with the intention of eliminating the need 
for an oscillation source on the part of the record- 
ing medium and simplifying the circuit. 

Another object of this invention is to provide a 
data communication system based on non-contact. 35 
electromagnetic coupling, in which a functional re- 
cording medium has its power voltage, which is 
supplied through electromagnetic coupling from the 
external equipment, stabilized easily on the part of 
the external equipment. jo 

In order to achieve the above objectives, the 
inventive non-contact, electromagnetically coupled 
communication system comprises a first trans- 
ceiver and a second transceiver in non-contact, 
electromagnetic coupling, in which the first tran- 45 
sceiver- includes a first electromagnetic transducer 
used for the electromagnetic coupling with the sec- 
ond transceiver and a carrier generating circuit in 
connection with the transducer for producing a 
carrier wave for transmitting a signal to the second so 
transceiver, and the second transceiver includes a 
second electromagnetic transducer used for elec- 
tromagnetic coupling with the first transducer and a 
circuit in connection with the second transducer for 
operating to vary the load impedance of the sec- 



ond transducer in response to a signal transmitted 
to the first transceiver, the first transceiver receiv- 
ing a signal from the second transceiver by detect- 3 
»ng a change m the frequency of the carrier of the ^ 
signal. 

In the case of an IC card system, as an em- 
bodiment of this invention, the above-mentioned 
second transceiver is an IC card, in which are 
included a power source circuit which provides 
power by transforming a field of electromagnetic 
energy into a d.c. power voltage or owes the power 
source to a battery, a coil which is placed in the 
electromagnetic field produced by an oscillation 
circuit of the reader writer, a circuit which detects 
and rectifies the energy captured by the coil to 
produce a signal, a circuit which connects or dis- 
connects (ON OFF) the coil so that the resonant 
frequency of the space is varied, and a circuit 
which implements data processing, so that the 
whole IC card circuit operates on the power pro- 
vided by the power source circuit, and the above- 
mentioned first transceiver is an IC card 
reader writer, with the provision of a reader writer or 
host computer, in which are included an oscillation 
circuit which produces a carrier modulated by a 
signal to be sent to the IC card, and a frequency 
comparison circuit which demodulates a change in 
the carrier frequency. 

Namely, the carrier generating circuit and fre- 
quency comparison circuit are placed on the part 
of the reader writer, while the circuit for detecting 
energy on the coii and rectifying it into data and 
the circuit for connecting or disconnecting the coil 
are placed on the part of the IC card. In transmit- 
ting data from the reader writer to the IC card, the 
oscillation circuit is operated, energy is received on 
the coil, and the oscillation circuit is connected or 
disconnected. In transmitting data from the IC card 
to the reader writer, the oscillation circuit is kept 
operating and the coil is disconnected (e.g.. 
grounded) in compliance with the transmitted data, 
so that a change in the oscillation frequency caus- 
ed by the impedance variation is entered to the 
frequency comparison circuit and it releases recep- 
tion data on the basis of the oscillation frequency 
variation. ► 

As described, the second transceiver vanes the 
impedance of the electromagnetic transducer of the 
first transceiver to vary the resonant frequency of 
the carrier generator, whereby the second tran- 
sceiver can have data transmission to the first 
transceiver without the need of having an oscillation 
circuit. Consequently, the second transceiver has 
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its transmission circuit simplified with less number 
of component parts, resulting in an improved re- 
liability, and it is especially, suitable when applied 
to IC cards. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing the com- 
munication for a non-contact IC card to which is w 
applied the inventive non-contact, electromagneti- 
cally coupled communication system: 

Fig. 2 is a block diagram showing the com- 
munication for a non-contact IC card, which em- 
ploys a different power supply system, to which the 75 
inventive non-contact, electromagnetically coupled 
communication system is applied; 

Fig. 3 is a block diagram showing the com- 
munication for a non-contact IC card, which em- 
ploys a still different power supply system, to 20 
which the inventive non- contact, electromagneti- 
cally coupled communication system is applied; 
and 

Figs. 4 and 5 are block diagrams showing 
other embodiments of this invention. 25 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 



30 



Embodiments of this invention will be de- 
scribed with reference to the drawings. 

Fig. 1 is a block diagram showing the commu- 
nication for a non-contact IC card to which the 
inventive non-contact, electromagnetically coupled 35 
communication system is applied. In Fig. 1. in- 
dicated by l is an IC card reader writer which 
accepts a non-contact IC card (will be termed sim- 
ply "IC card" hereinafter) 2. The IC card 2 is 
supplied with its operating power from an oscilla- 40 
tion circuit 4 of the reader writer 1 on its receiving 
coil 13 which is in non-contact, electromagnetic 
coupling with a sending coil 12 of the reader writer 
1. The oscillation circuit 4 supplies a signal of 
around 200 kHz. for example, to the sending coil 45 
12 and it is received by the receiving coil 13 in the 
form of the electromagnetic field, and thus power is 
transferred. The power received on the receiving 
coil 13 is transformed into a d.c. voltage by a 
rectifying circuit 8 and distributed to the whole so 
circuit in the IC card 2. Indicated by 3 is a power 
circuit provided in the reader writer 1 and it sup- 
plies power to its whole circuit. 

On the other hand, the reader writer 1 transmits 
data to the IC card 2 from a data processor 6 55 
including a microprocessor or the like by way of an 
associated oscillation circuit 5 and transceiving coil 
14. The oscillation circuit 5 generates a carrier of 



around 10 MHz, for example, which is turned on 
and off for output by the transmission data pro- 
vided by the data processor J5. Namely, data trans- 
mission is based on "tone burst" mode: ' 

The tone-burst data transmitted in the form of 
electrometnetic field from the transceiving coil 14 is 
received by a transceiving coil 15 of the IC card 2 
which is in non-contact, electromagnetic coupling 
with the coil 14, and, after it is demodulated into a 
digital signal by a detecting rectifier 9. sent to the 
data processor 11 incorporating a microprocessor 
or the like. Data transmission from the IC card 2 to 
the reader-writer 1 takes place while the oscillation 
circuit 5 of the reader writer 1 is kept operating. A 
switching circuit 10 located at the node of the 
transceiving coil 15 and detecting rectifier 9 of the 
IC card 2 is operated so that the coil 15 is con- 
nected or disconnected in accordance with data to 
be transmitted. 

The on-off control of the switching circuit 10 is 
such that when it is "on", a bias voltage or power 
voltage is applied to the terminal of the coil 15 in 
connection to the detecting rectifier 9 so that a d.c. 
current flows, while the terminal is grounded when 
it is "off". The "on" state causes the transceiving 
coil 15 to produce a d.c. magnetic flux, and it 
vanishes when the coil is in "off" state. The on-off 
control varies the impedance of the magnetic cir- 
cuit of the transceiving coil 14, thereby causing the 
oscillation circuit 5 to vary the output frequency. 

Another method of varying the impedance of 
the magnetic circuit is that the transceiving coil 15 
is disconnected at its one terminal from the detect- 
ing rectifier 9 so that the coil 15 is open for the 
"off" state, and the terminals of the coil is con- 
nected directly or through a resistor for the "on" 
state. In the on-off control of the switching circuit 
10. the transceiving coil 15 is not a magnetic flux 
generating circuit as opposed to the previous case, 
but it merely functions as a magnetic coupling 
circuit for varying the impedance of magnetic cir- 
cuit by being coupled electromagnetically with the 
transceiving coil 14. 

The on-off control of the switching circuit 10 
varies the output frequency of the oscillation circuit 
5, which is detected by a frequency comparison 
circuit 7, and the transmitted data is demodulated. 

Based on the electromagnetic coupling be- 
tween the transceiving coils 14 and 15, a change in 
the load impedance of the transceiving coil 15 is 
transferred as a signal to the transceiving coil 14. 
and it modulates the output signal of the oscillation 
circuit 5. As a result, a signal with a varying fre- 
quency is produced on the terminal of the oscilla- 
tion circuit 5 in connection with the transceiving coil 
14. 

The varying frequency is compared by the 
frequency comparison circuit 7 with a reference 
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earner freauency provided by the oscillation circuit 
5. so that the transmitted datef*from the v IC card 2*is 
detected, and the carrier signal is modulated in 
accordance with the detected data to retrieve the 
transmitted data. The reference carrier frequency 
signal fs produced by the resonator or the periph- 
eral circuit »n the oscillation circuit 5 or by a sepa- 
rate ciock oscillator or the like. The detected data 
is celivered to the data processor 6 in the 
reader writer 1. and the data transmitted from the 
JC card 2 is processed. 

Fig. 2 is a block diagram showing the inventive 
non-contact, magnetically coupled communication 
system applied to a non-contact IC card of a dif- 
ferent power supply system. In Fig. 2. indicated by 
1 is_a readerwriter which accepts an IC card 2. 
TheJC card ^ is supplied with its operating power 
from an oscillation circuit 4 of the reader wr iter 1 o n 
its^receiving^coiU13^whlcJtLis_in^nonzcontact elec- 
tromagnetic qpugling [with a sending coil 12 of the 
reader writer 1. The oscillation circuit 4^supplieVa" 
s»gnaL!oGtfOund .200 kHz. Tor example, to the 
sending coil 12 and it is received in the form of the 
magnetic field by the receiving coil 13. and thus 
power is transferred^ The power received on the 
jrecei ving coil 13 is tran sformed into a d.c. p ower 



ive / 



csj. 



25 



by a rectifying^moothing circuit 8 which is a power 
^circuit in the IC card 2, and it is distributed to the 
whole circuit in the IC card 2. Indicated by 3 is a 
power circuit provided in the readerwriter 1. and it 
supplies power to its whole circuit. 

Indicated by 18 is a voltage detection circuit 
which monitors the^gyjgut^voltage of the rectifying- 
smoothing circuit 8 and produces a control voltage. J 
jby *hich the oscillation frequency of a voltage- 
^controMed oscillator (VCO) 17 is controlled^ The 
^^^O^IX^deJjyj^^ 
S» ^ -trolled .frequency to a sendjng^ coil ^20. Conse- 
t ~]T quently. the_signaj_qr gduced by the VCO 17 j s 
transmitted to a receiving^ coil 19 of the- 
reader, wnterj in magnetic coupling with the send- 
ing^cQirgO. and the signal received on the coil 19 
is detected'by a frequency change detection circuit 
16. which generates data in compliance with the 
frequency variation of the received signal, and it is 
delivered to the data processor 6 incorporating a 
microprocessor or the like. On receiving the data, 
the data processor 6 issues a control signal to the 
oscillation circuit 4 so that its output voltage level is 
stabilized. 

Next, the power voltage control in the IC card 2 
will be described. If the IC card 2 and reader writer 
1 have a decreased gap therebetween, or the IC 
card has a decreased power consumption, the out- 
put voltage of the rectifying-smoothing circuit 8 will 
rise. Upon detecting a rising voltage, the voltage 
detection circuit 18 issues a corresponding control 
signal to the VCO 17. which in turn oscillates at a 



frequency higher than the reference oscillation fre- 
quency. SO' 

The high-frequency signal »s received by the 
frequency change detection circuit 16 by way of 
5 the sending coil 20 and receiving coil 19. The 
frequency change detection circuit 16 incorporates 
a frequency comparison circuit and an oscillator 
turned to the reference frequency of the VCO 17. 
The circuit 16 compares the frequency received on 
w the receiving coil 19 with the reference frequency 
of the VCO 17. and produces a digital signal which 
represents an up-offset value from the reference 
frequency and sends it to the data processor 6. 
The data processor 6 is informed of a rising power 
75 voltage of the IC card 2 by receiving the data, and 
issues a control signal to the oscillation circuit 4 so 
that its output level is lowered. 

Next, if the IC card 2 and reader writer 1 have 
an increased gap therebetween, or the IC card has 
an increased power consumption, the output volt- 
age of the rectifying-smoothing circuit 8 will fall. 
Upon detecting a falling voltage, the voltage detec- 
tion circuit 18 issues a corresponding control signal 
to the VCO 17, which in turn oscillates at a fre- 
quency lower than the reference frequency. The 
v low frequency signal is received by the frequency 
><change detection circuit 16 by way of the sending 
/coil 20 and receiving coil 19 in the same manner 
as above. The frequency change detection circuit 
]Qj$ produces a digital signal which represents a 
I ^own-offset from the reference frequency and 
(^Xsends it to the data processor 6. The data proces- 
j&/ ^ sor q is m f 0rrnec j 0 f tne f a j|j n g power voltage of the 
IC card 2 by receiving the data, and issues a 
35 control signal to the oscillation circuit 4 so that it 
raises the output level. 

In this way. a variation in the power voltage of 
the IC card 2 is compensated by adjusting the 
supply of electromagnetic energy accordingly, and 
to the IC card power voltage is stabilized. 

The oscillation circuit 4 and sending coil 12 are 
a specific example of the electromagnetic trans- 
ducer, and the receiving coil 13 is a specific exam- 
pie of electromagnetic transducers which convert 
js electromagnetic energy into electrical energy. The 
VCO 17 is a specific example of control signal 
generation circuits, and the sending coil 20 is a 
specific example of control signal transmission cir- 
cuits. The receiving coil 19 and frequency change 
50 detection circuit 16 are a specific example of con- 
trol signal receiving circuits of this invention, and 
the data processor 6 is a specific example of 
control circuits. 

The voltage detection circuit 18 is specifically a 
55 voltage comparison circuit or a voltage level con- 
version circuit, and generally it can be formed of 
operational amplifiers or transistor circuits without 
including capacitors and therefore can be formed 
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as an integrated circuit The voltage detection cir- 
cuit 18. when it is based on voltage comparison for 
example, employs two voltage comparators which 
produce detect signals at the upper and lower 
voltage levels. In response to the upper limit or 
lower limit detect signals, the VCO 17 is controlled 
to raise or lower the oscillation frequency from the 
reference oscillation frequency. On the other hand t 
the voltage detection circuit of the voltage level 
conversion mode will be a circuit which converts 
the output voltage of the rectifying-smoothing cir- 
cuit 8 into the voltage control level of the VCO 17. 
If the VCO 17 can be controlled directly by the 
output of the rectifying-smoothing circuit 8, the 
voltage detection circuit 1 8 may be omitted. 

Although in this embodiment a VCO is used, it 
may be replaced with any oscillation circuit which 
can operate at a higher and lower frequencies with 
respect to the reference frequency. Although in this 
embodiment the supplied electromagnetic energy 
is controlled so that the voltage variation is offset, 
an alternative scheme is to set the power circuit to 
produce a higher voltage thereby to supply a larger 
energy from the reader writer and to stabilize the 
voltage, as in a voltage stabilization based on a 
zener diode, in the voltage detection circuit. This 
allows one-way control and simplifies the circuit 
arrangement. 

For example, when a voltage comparison cir- 
cuit ts used for the voltage detection circuit, it is 
set to a higher voltage level and designed to pro- 
duce a control signal for a certain lower voltage 
level, and in this case the voltage comparison 
circuit needs only one threshold level. Similarly, in 
case of using a level conversion circuit, the circuit 
is merely required to control the frequency to the 
higher or lower with respect to the reference value. 
For the frequency generation as a signal of regulat- 
ing the voltage, it is of course possible to generate 
a lower value for a high voltage, or conversely a 
higher value for a low voltage. 
N Although in this embodiment the signal for ad- 
justing the energy is sent as an oscillation fre- 
quency of VCO to the reader writer, it may be data 
which simply corresponds to the current voltage 
value. In this case, a circuit may be provided to 
rnnvarf a Hpt^fid voltage value or its deviation^ 
f rom the reference voltage value into a digital value 
so that a precise digitized power supply adjustment 
sign al is sent to the reader writer. 

Although this embodiment is a communication 
system for an IC card through a readerwriter, this 
invention is applicable to general recording media 
including memory cards, and the partner equip- 
ment can be general external facilities such as a 
host computer. 

As shown in Fig. 3, by placing a voltage stabi- 
lizer 21 between the rectifying-smoothing circuit 8 



and voltage detection circuit 18 in the non-contact 
card in Fig. 2. it is possible that a small fluctuation 
oMh^!C~'card power votegef*»a1* : tftflk ftrst* stage- »s*< 
regulated by the stabilizer 21 and a larger fluc- 

5 tuation in excess of this regulation range is offset 
by adjusting the supplied electromagnetic energy 
thereby maintaining the power voltage of the IC 
card 2 constant. Such a 2-stage regulation allows a 
smaller capacitor in the smoothing circuit and a 

70 smaller current setting value at the steady-state 
operating point of the voltage stabilizer 21 . where- 
by the overall power circuit has a decreased heat 
dissipation. 

Although in this embodiment the power circuit 

75 for the IC card 2 is formed of an electromagnetic 
transducing circuit, it may use solar cells or super- 
sonic energy, or may be of a built-in battery type. 

Although in this embodiment a comparison cir- 
cuit is used to detect the variation of frequency, an 

20 alternative scheme is that transmitted data is de- 
tected by extracting a specific frequency through 
the filtering or the like and the data is demodulated 
through the waveform shaping, any circuit capable 
of detecting a frequency variation may be used. 

25 Although in this embodiment the IC card has 

been described mainly, it can of course be applied 
to various information recording media such as 
memory cards incorporating a microprocessor or 
the like and memory cartridges. Furthermore, the 

30 invention is also applicable to non-contact, elec- 
tromagnetically coupled communication systems 
intended for the communication between facilities 
in general based on the non-contact, electromag- 
netic coupling. 

35 Fig. 4 shows a variation of the embodiment 

shown in Fig. 2. and the following describes the 
differences of the system from the preceding em- 
bodiment. Both embodiments have the same power 
supply system. In transmitting data from the 

40 reader writer 1 to the IC card 2, the data processor 
6 sends the data through a data transmission cir- 
cuit 37 and sending coil 14 to the IC card 2. The 
data transmission circuit 37 generates a carrier with 
a frequency of around 10 MHz for example. The 

45 carrier is modulated in on off mode by the data 
transmitted from the data processor 6. In this case, 
data transmission is of so-called tone-burst mode. 
The tone-burst data transmitted in the form of 
electromagnetic field through the sending coil 1 4 is 

so received by the receiving coil 15 of IC card 2 in 
non-contact magnetic coupling with the coil 14. 
and, after it is demodulated into a digital signal by 
a data receiving circuit 39, delivered to the data 
processor 1 1 incorporating a microprocessor or the 

55 like. 

Data transmission from the IC card 2 to the 
reader/writer 1 is carried out by a data transmission 
circuit 40 by way of a sending coil 46. Digital data 
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sent out of the data processor 1 1 is received by 
the data transmission circuit* 40? which supplies a 
tcne-burst signal to the sending coil 46 in the same 
manner as of the above-mentioned data transmis- 
sion circuit 37. The signal is received by a receiv- 
mg coil 42 of reader writer 1 in electromagnetic 
couoling with the coil 46. demodulated by a data 
reception circuit 38. and. after it is transformed into 
digital, delivered to the data processor 6. 

Fig. 5 shows a modification of the embodiment 
shown in Fig. 4. Similar to the power supply circuit 
of Fig. 3. a voltage stabilizer 21 is added between 
the rectifymg-smoothing circuit 8 and the voltage 
detection circuit 18. 



Claims 

1. A non-contact, electromagnetically coupled 
communication system comprising a first commu- 
nicating unit (1) and a second communicating unit 
«2> ccupied electromagnetically in non-contact 
fashion for communicating signals, wherein said 
first communicating unit comprises a first elec- 
tromagnetic transducing circuit (14) for said elec- 
tromagnetic coupling and a carrier wave generating 
circuit (5) connected to said first electromagnetic 
transducing circuit for generating a carrier wave for 
transmitting a signal to said second communicating 
unit, said second communicating unit comprising a 
second electromagnetic transducing circuit (15) for 
said electromagnetic coupling and a circuit con- 
nected to said second electromagnetic transducing 
circuit for varying the impeoance of said second 
electromagnetic transducing circuit, said first com- 
municating unit receiving a signal sent from said 
second communicating unit by detecting a change 
in the frequency of said carrier wave. 

2. A system according to Claim 1, wherein said 
first communicating unit comprises a data write- 
and-read unit and said second communicating unit 
comprises an !C card, said first and second elec- 
tromagnetic transducing circuits each comprising a 
coil, said second electromagnetic transducing cir- 
cuit including means (10) of creating a variation in 
said load impedance by grounding or opening the 
connection of said second transducing circuit. 

3. A system according to Claim 2. wherein said 
first communicating unit comprises means (7) of 
comparing the output frequency of said first elec- 
tromagnetic transducing circuit with a reference 
carrier frequency of said carrier generating circuit 
for the sake of detecting a variation in the carrier 
frequency. 

4. A non-contact data communication system 
comprising an external unit (1) with the ability of 
communicating function for reading or writing data 
for a recording medium (2) with the ability of com- 



municating function, and said recording medium 
which transacts signals witrt^satf* external 1 unit* by 
being coupled electromagnetically in non-contact 
fashion and supplied with power from said external 
5 unit, wherein said external unit comprises a power 
supply circuit (3) which supplies power m the form 
of electromagnetic energy to said recording me- 
dium, a control signal receiving circuit <19) whicn 
receives a control signal for controlling the intensity 

10 of generation of said electromagnetic energy by 
being coupled with said recording medium, a con- 
trol circuit (16) which controls the quantity of elec- 
tromagnetic energy generation by said power sup- 
ply circuit in response to a signal from said receiv- 
es ing circuit a first electromagnetic transducing cir- 
cuit (14) for said electromagnetic coupling, and a 
carrier wave generation circuit (15) connected to 
said first electromagnetic transducing circuit for 
generating a carrier wave for transmitting a signal 

20 to said recording medium, and said recording me- 
dium comprises a transducing Circuit M3) whic* 
converts electromagnetic energy received from 
said power supply circuit into electrical energy, a 
power circuit (18) which produces a d.c. power 

25 voltage from the electrical energy provided by said 
transducing circuit, a control signal generation cir- 
cuit (18) which produces said control signal in 
response to a voltage of said power circuit, control 
signal output circuit (17) which is in eiectromag- 

30 netic coupling with said control signal receiving 
circuit for outputting said control signal, a second 
electromagnetic transducing circuit (15) for said 
electromagnetic coupling, and a circuit (10) con- 
nected to said second electromagnetic transducing 

35 circuit for varying the load impedance of said sec- 
ond electromagnetic transducing circuit in response 
to the transmitted signal, said external unit receiv- 
ing a signal transmitted from said recording me- 
dium by detecting a variation in the frequency of 

40 said carrier wave and operating on said control 
circuit of said external unit using said control signal 
to maintain the output voltage of said power circuit 
constant. 

5. A system according to Claim 4 further com- 
45 prising a voltage stabilizing circuit (21), which 
maintains a constant output voltage of said power 
circuit, provided between said power circuit and 
said control signal generation circuit of said record- 
ing medium. 

so 6. A non-contact data communication system 

comprising an external unit (1) with the ability of 
communicating function of reading or writing data 
for a recording medium (2) with the ability of com- 
municating function, and said recording medium 

55 which transacts signals with said external unit by 
being coupled electromagnetically in non-contact 
fashion with said external unit and supplied with 
power from said external unit, wherein said external 
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unit comprises a power supply circuit (3) which 
supplies power in the form of electromagnetic en- 
ergy to said recordirig' medium* a control signal 
receiving circuit (19) which receives a control sig- 
nal for controlling the intensity of generation of said 
electromagnetic energy by being coupled with said 
recording medium, and a control circuit (6) which 
controls the quantity of electromagnetic energy 
generation by said power supply circuit in re- 
sponse to a signal from said receiving circuit, and 
said recording medium comprises an electromag- 
netic transducing circuit (13) which converts elec- 
tromagnetic energy received from said power sup- 
ply circuit into electrical energy, a power circuit (8) 
which produces a d.c. power voltage from the 
electrical energy provided by said transducing cir- 
cuit a control signal generation circuit (18) which 
produces said control signal in response to the 
voltage of said power circuit, and a control signal 
output circuit (17) which outputs said control signal 
by being coupled electromagnetically with said 
control signal receiving circuit, at least said control 
signal generation circuit being an integrated circuit 
operating to control said control circuit of said 
external unit using said control signal so that the 
output voltage of said power circuit is maintained 
constant. 

7. A system according to Claim 6 further com- 
prising a voltage stabilizing circuit (21) which con- 
trols said power circuit to produce a constant out- 
put voltage and supplies power to the whole circuit 
of said recording medium, and means of supplying 
said output voltage to said control signal generating 
circuit so that said control signal generating circuit 
produces a control signal in response to said out- 
put voltage of said voltage stabilizing circuit. 

8. A system according to Claim 6. wherein said 
control signal generating circuit comprises a volt- 
age detecting circuit (1 8) for detecting a voltage of 
said power circuit and produces said control signal 
in response to the voltage detected by said voltage 
detecting circuit. 

9. A system according to Claim 8, wherein said 
external unit comprises an IC card reader writer, 
said recording medium comprises an IC card, said 
electromagnetic field generation circuit comprises 
an oscillation circuit (4) and a coil (12), said control 
signal output circuit comprises a coil, and said 
control signal generating circuit (21) comprises a 
voltage-controlled oscillation circuit and a voltage 
detecting circuit (18) for detecting a voltage of said 
voltage stabilizing circuit, said voltage detecting 
circuit producing a control voltage for said voltage- 
controlled oscillation circuit. 

10. A functional recording medium (2) which is 
coupled electromagnetically in non-contact fashion 
with an external unit (1), which implements data 
reading or writing for said recording medium, and 



adapted to transact signals with said external unit 
by being supplied with power from said external 
unit, said recording medJartl^ comprising*; a data 
processing circuit (11). an electromagnetic trans- 

5 ducing coil (15) used for the electromagnetic cou- 
pling with said external unit and adapted to trans- 
mit an external signal to said data processing cir- 
cuit, and a signal modulating circuit (10) which is 
connected to said electromagnetic transducing cir- 

/o cuit and adapted to vary the impedance of said 
electromagnetic transducing circuit in response to 
a data signal sent from said data processing circuit, 
said coil, when being coupled electromagnetically 
with an electromagnetic transducing coil (14) of 

15 said external unit, enabling said external unit to 
reproduce a transmitted signal in the form of a 
variation in the frequency of a carrier wave sup- 
plied by said external unit on the basis of inter- 
action between said carrier wave and said imped- 

20 ance variation. 

11. A method of data communication for a 
communication system in which a first commu- 
nicating unit and a second communicating unit are 
coupled electromagnetically in non-contact fashion 

25 for transacting signals, said method comprising the 
steps of: 

generating a carrier wave for transmitting a signal 
by means of a carrier wave generator in said first 
communicating unit; 

30 supplying said carrier wave to a first electromag- 
netic transducer of said first communicating unit 
and supplying an electromagnetically converted 
carrier wave to said second communicating unit; 
varying the impedance of a second electromag- 

35 netic transducer of said second communicating unit 
in response to a signal to be transmitted to said 
first communicating unit; and 
detecting a variation of frequency of said carrier 
wave, which is responsive to the impedance vari- 

40 ation of said second electromagnetic transducer, 
by means of said first electromagnetic transducer 
so that said transmitted signal is reproduced. 
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© Method and system of communication for a non-contact IC card. 

@ Disclosed is a data communication system comprising an 
external unit, such as a card reader/writer (1), with the ability of 
reading and writing data for a recording medium, and the 
recording medium, such as an IC card (2) which transacts 
signals with the external unit by being coupled electromagneti- 
cally in non-contact fashion with the external unit and supplied 
power from the external unit. The external unit comprises a first 
data processor (6), a first electromagnetic transducing coil (14) 
for the- electromagnetic coupling with the medium, a carrier 
wave generator (5) connected to the first coil for generating a 
carrier for transmitting a signal to the recording medium, and a 
received signal discriminator (7). The recording medium 
comprises a second data processor (1 1), a second electromag- 
netic transducing coil (15) for the electromagnetic coupling with 
the external unit, a switching circuit (10) connected to the 
second coil for varying the load impedance of the second coil in 
response to a signal to be sent to the first coil, and a received 
signal detecting circuit (9). The data signal from the recording 
medium is demodulated for the carrier frequency from the 
external unit in response to the data signal, and transmitted to 
the external unit. The recording medium includes circuits (18, 
20) which detect a variation in the power voltage supplied 
through the electromagnetic coupling and feed it back 
electromagnetically to the external unit. 
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